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Description 

The present invention relates to an apparatus for 
driving a piezoelectric element which is used as a fuel 
injection valve of a gasoline engine, a diesel engine, 5 
or the like. 

A high response characteristic piezoelectric ele- 
ment is applicable to an actuator of a fuel injection ap- 
paratus of a gasoline engine, a diesel engine, and the 
like (see: Unexamined Japanese Patent Publication 10 
(Kokai) Nos. 60-249877 and 62-17338). For example, 
there is suggested a fuel injection apparatus which in- 
cludes a plunger driven by an engine; a fuel pressure 
chamber filled with fuel and pressurized by the plung- 
er; a needle move in response to a fuel pressure with- 1 s 
in the fuel pressure chamber, the needle being 
opened when the fuel pressure is larger than a pre- 
determined pressure; an overflow valve associated 
with a valve member which is slidably inserted into a 
slidable hole and is controlled by the pressure within 20 
a pressure control chamber arranged coaxially with 
the slidable hole; and a variable volume chamber con- 
nected to the pressure control chamber and changed 
by an actuator, to thereby close the overflow valve to 
shut off the fuel from the fuel pressure chamberwhen 25 
the volume of the variable volume chamber is re- 
duced, to increase the pressure within the pressure 
control chamber. 

In the above-mentioned fuel injection apparatus, 
however, to initiate a fuel injection, when the volume 30 
of the variable volume chamber is reduced to increase 
the pressure within the pressure control chamber, the 
overflow valve associated with the valve member is 
moved at a high speed, and thereafter, the overflow 
valve is rapidly moved on to a valve seat. As a result, 35 
although the overflow valve and the valve member 
are closed at the same time, the overflow valve and 
the valve member bounce and thus do not remain on 
their valve seats, whereby the overflow valve is again 
opened. Therefore, since an overflow of the fuel in 40 
the fuel pressure chamber occurs, the fuel injection 
pressure can not smoothly rise to a high pressure. 

Furthermore, document US-A-4 644 212 disclo- 
ses a piezoelectric element driving device applicable 
to an actuator portion of a fuel injection valve for an 45 
internal combustion engine, wherein a generated 
high DC voltage is applied to a piezoelectric element 
connected to a needle valve by means of a first 
switching element so as to make the piezoelectric ele- 
ment expand in order to thereby close the needle 50 
valve injection outlet. In a reverse operation, a zero 
voltage is applied via a second switching element to 
the piezoelectric element so as to make the piezo- 
electric element contract and to open the needle 
valve injection outlet by means of a platen spring. The 55 
voltages applied to the piezoelectric element are 
regulated to raise and fall quickly within a predeter- 
mined range, and also here the driven valve is moved 



quickly so that bouncing of the valve may occur dete- 
riorating the performance of the arrangement. 

It is therefore an object of the present invention 
to avoid jumping or bouncing of a valve member, i.e. 
the overflow valve, when the valve is closed. 

According to the present invention, this object is 
accomplished by an apparatus for driving a piezo- 
electric element to transmit a displacement of said 
piezoelectric element via a liquid to a valve member 
for closing and opening said valve member, compris- 
ing a high DC voltage generating means; a charging 
switching means connected to said high DC voltage 
generating means and said piezoelectric element for 
generating a first voltage and for applying said first 
voltage to said piezoelectric element for a predeter- 
mined time to thereby prepare closing said valve 
member; and a discharging switching means con- 
nected to said piezoelectric element for discharging 
charges stored in said piezoelectric element to there- 
by open said valve member; characterized in that said 
charging switching means increases the voltage ap- 
plied to said piezoelectric element after said valve 
member reaches a position near to a valve seat from 
said first voltage to a second voltage higher than said 
first voltage so that said valve member is seated on 
said valve seat to thereby close said valve member. 

That is, in the above-mentioned apparatus, a 
first-step voltage such as 350 V is applied to the pie- 
zoelectric element to move the valve member near to 
the valve seat, and thereafter, a second-step voltage 
such as 800 V higher than the first-step voltage is ap- 
plied to the piezoelectric element to seat the valve 
member securely on the valve seat. 

The present invention will be more clearly under- 
stood from the description as set forth below with ref- 
erence to the accompanying drawings, wherein: 
Fig. 1 is a cross-sectional view of a fuel injection 
apparatus of Fig. 4 according to the present in- 
vention taken along the line l-l thereof; 
Fig. 2 is a partly enlarged cross-sectional side 
view of Fig. 1; 

Fig. 3 is a cross-sectional view taken along the 
fine Ill-Ill of Fig. 4; 

Fig. 4 is a cross-sectional side view taken along 
the line IV-IVof Fig. 1; 

Fig. 5 is a cross-sectional side view taken along 
the line V-V of Fig. 1 and the line V-V of Fig. 7; 
Fig. 6 is a plan view of Fig. 1; 
Fig. 7 is a cross-sectional plan view taken along 
the lineVII-Vllof Fig. 1; 

Fig. 8 is a block diagram schematically illustrat- 
ing a general apparatus for driving the piezoelec- 
tric element of Figs. 1 through 7; 
Fig. 9 is a circuit diagram illustrating a prior art ap- 
paratus for driving a piezoelectric element; 
Figs. 1 0A through 10E are timing diagrams show- 
ing the operation of the circuit of Fig. 9; 
Fig. 11 is a circuit diagram illustrating a first em- 
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bodiment of the apparatus for driving a piezoelec- 
tric element according to the present invention; 
Figs. 12A through 12F are timing diagrams show- 
ing the operation of the circuit of Fig. 11; 
Fig. 1 3 is a circuit diagram of an ignition circuit for 5 
generating the ignition signals of Fig. 11; 
Figs. 14A through 14H are timing diagrams show- 
ing the operation of the circuit of Fig. 13; 
Fig. 15 is a circuit diagram illustrating a second 
embodiment of the apparatus for driving a piezo- 10 
electric element according to the present inven- 
tion; 

Figs. 16A through 16H are timing diagrams show- 
ing the operation of the circuit of Fig. 15; and 
Fig. 17 is a circuit diagram illustrating a third em- 15 
bodiment of the apparatus for driving a piezoelec- 
tric element according to the present invention. 
First, a fuel Injection apparatus according to the 
present invention, to which an apparatus for driving a 
piezoelectric element is applied, will be explained to 
with reference to Figs. 1 through 7. 

Referring to Figs. 1 to 4, 1 designates a housing 
body; 2 a nozzle having a nozzle hole 3 on an end 
thereof; 4 a spacer; 5 a sleeve; and 6 a nozzle holder 
for fixing the nozzle 2, the spacer 4, and the sleeve 5 25 
to the housing body 1. A needle 7 is slidably inserted 
in the nozzle 2 to control the opening and closing of 
the nozzle hole 3, and the top of the nozzle 7 is con- 
nected, via a pressure pin 8, to a spring retainer 9. 
This spring retainer 9 is always biased downward by 30 
a compression spring 10, and this biasing force is 
transmitted, via the pressure pin 8, to the needle 7. 
Therefore, the needle 7 is always urged toward the 
closing direction by the compression spring 1 0. 

Further, a plunger hole 1 1 is formed coaxially with 35 
the needle 7, and a plunger 12 is inserted slidably into 
the plunger hole 11. An upper end of the plunger 12 
is connected to a tappet 1 3 which is always biased up- 
ward by a compression spring 14. This tappet 13 is 
moved up and down by a cam (not shown) driven by 40 
the engine, and accordingly, the plunger 12 is moved 
up and down within the plunger hole 11 . Furthermore, 
a fuel pressure chamber 15 is formed in the plunger 
hole 11 below the plunger 12, defined by a lower end 
face 12a thereof. This fuel pressure chamber 15 is 45 
connected, via a rod-type filter 16 and a fuel passage 
1 7 (Fig. 4), to a needle pressure chamber 1 8 connect- 
ed, via a ring-shaped fuel passage 19, to the nozzle 
hole 3. Also, as shown in Fig. 3, when the plunger 12 
is located at an upper position, a fuel supply port 20 so 
opening to the fuel pressure chamber 1 5 is formed, so 
that fuel having a feed pressure of about 2 to 3 kg/cm 2 
is supplied from the fuel supply port 20 to the fuel 
pressure chamber 15. This fuel supply port 20 is con- 
nected via a fuel exhaust passage 20a extending per- 55 
pendicular to the fuel supply port 20 and the relief 
valve (not shown), to the fuel tank (not shown). Also, 
as shown in Fig. 3, in view of forming a passage in the 
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injection apparatus, anotherf uel port is formed on the 
opposite side of the fuel supply port 20 with respect 
to the plunger hole 11, and an external end of this fuel 
port 21 is closed by a blind plug 22. This fuel port 21 
is extended coaxially with the fuel supply port 20 and 
leads to the plunger hole 11. Provided Inside of the 
plunger hole 11 is a circular groove 23 extending from 
the fuel supply port 20 to the fuel port 21. Therefore, 
when the plunger 12 descends to close the connec- 
tion between thefuei supply port20 and the fuel port 
20, the fuel supply port 20 and the fuel port 21 are 
connected via the circular groove 23, whereby the 
fuel pressure within thefuei port 21 is retained at the 
same feed pressure as that at the fuel supply port 20. 
A compression spring accommodating chamber 24 
for accommodating the compression spring 10 for 
biasing the needle 7 is connected via a fuel return 
passage 25 to the fuel supply port 20, and therefore, 
any leakage of fuel into the compression spring ac- 
commodating chamber 24 is returned via the fuel re- 
turn passage 25 to the fuel supply port 20. Further, a 
circular groove 26 is formed on the periphery of the 
plunger 12 immediately above a plunger lower sur- 
face 12a, and the circular groove 26 is connected, via 
a fuel relief hole 27 formed in the plunger 12, to the 
fuel pressure chamber 15. 

Furthermore, a slidable hole 30 is formed traver- 
sely within the housing body 1 , on the periphery of the 
plunger hole 11. Namely, this slidable hole 30 is ar- 
ranged and spaced in parallel to a line approximately 
perpendicular and coaxial to the axes of the plunger 
12 and the needle 7. An overflow valve 31 is slidably 
inserted into the slidable hole 30. As shown in Figs. 1 
and 2, the slidable hole 30 has a small-radius hole 32 
and a large-radius hole 33 arranged coaxially to each 
other, and a step portion 34 is formed perpendicular 
to the common coaxial line of the small- radius hole 32 
and the larger-radius hole 33. A ring-shaped valve 
seat 35 is formed at the connection portion of the step 
portion 34 and the smalt-radius hole 32. Moreover, 
the overflow valve 31 has a small-radius portion 36 
located within the small-radius hole 32 and a larger- 
radius portion 37 located within the small-radius hole 
33. A first ring-shaped fitting portion 38 is formed at 
an external end portion of the small-radius portion 36, 
to be in close contact with the inner wall of the small- 
radius hole 32, and a second ring-shaped fitting por- 
tion 39 is formed at an external end portion of the larg- 
er-radius portion 37, to be in close contact with the in- 
ner wall of the larger-radius hole 33. A ring-shaped 
valve portion 40 is formed on the external circumfer- 
ence of the overflow valve 31 between the first and 
second ring-shaped fitting portions 38 and 39, and 
can be seated on the valve seat 35. A ring-shaped 
pressured fuel introducing chamber 41 is formed on 
an external circumference of the overflow valve 31 
between the ring-shaped valve portion 40 and the 
first ring-shaped fitting portion 38, and a ring-shaped 
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fuel overflow chamber 42 is formed on an external cir- 
cumference of the overflow valve 31 between the 
ring-shaped valve portion 40 and the second ring- 
shaped fitting portion 39. As shown in Fig. 2, the ra- 
dius of the external circumference of the large-radius s 
portion 37 defining the fuel overflow chamber 42 is 
larger than that of the small-radius portion 32, and 
therefore, the volume of the fuel overflow chamber 42 
is very large. An external end portion of the small- 
radius portion 32 is closed by a blind plug 43, and an 10 
overflow valve back pressure chamber 44 is formed 
between the blind plug 43 and the overflow valve 31. 
In this overflow valve back-pressure chamber 44, a 
compression spring 45 is provided to separate the 
ring-shaped valve portion 40 of the overflow valve 31 15 
from the valve seat 35, i.e., to activate the overflow 
valve 31 to move in the valve open direction. Af uel pas- 
sage 46 opening to the fuel overflow chamber 42 is pro- 
vided along the radial direction within the large-radius 
portion 37 of the overflow valve 31 . Af uel passage 47 20 
opening to the overflow valve back- pressure cham- 
ber 44 is provided along the axial direction within the 
small-radius portion 36. These f uet passages 46 and 
47 are connected to each other within the overflow 
valve 31, and therefore, the overflow valve back- zs 
pressure chamber 44 is connected, via the fuel pas- 
sages 46 and 47, to the fuel overflow chamber 42. A 
concave groove 49 is formed at the middle of an end 
surface 48 of the overflow valve 31 on the second 
ring-shaped fitting portion 39, and therefore, since 30 
the concave groove 49 and the fuel passages 46 and 
47 are provided in the overflow valve 31 , the mass of 
this overflow valve 31 is very small. 

As shown in Fig. 4, a fuel overflow passage 50 
extending from the fuel passage 1 7 and leading to the 35 
pressurized fuel introducing chamber 41 is formed in 
the housing body 1 . This fuel overflow passage 50 is 
always connected to the fuel pressure chamber 1 5, 
and therefore, the pressurized fuel introducing cham- 
ber 41 is always connected to the fuel pressure cham- 40 
ber 15. Also, as shown in Fig. 7, the overflow valve 
back-pressure chamber 44 is connected, via the fuel 
passage 51, to the fuel passage 52 extending along 
the perpendicular direction in Fig. 7, and as shown in 
Fig. 3, a lower end portion of this fuel passage 52 is 45 
connected to the fuel port 21 . Further, as shown in 
Fig. 7, the fuel overflow chamber 42 is connected to 
the fuel exhaust passage 53, and fuel flowing out of 
the fuel exhaust passage 53 is returned to the fuel 
tank (not shown). so 

As shown in Figs. 1 and 2, a rod guide 61 for guid- 
ing a rod 60 is provided at an external end portion of 
the large-radius hole 33 of the slidable hole 30. This 
rod guide 61 has a rod hole 62 fitted therein. The rod 
60 has a hollow cylindrical small-radius portion 63 55 
slidably inserted into the rod hole 62, and a large- 
radius portion 64 slidably inserted into the large- 
radius hole 33, and an end surface of the large-radius 
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portion 64 abuts against the end surface 48 of the 
overflow valve 31. A rod back- pressure chamber 65 
ts formed between an internal end portion of the rod 
guide 61 and the large-radius portion 64 of the rod 60, 
A pressure control chamber 66 defined by an end sur- 
face 63a of the small-radius portion 63 is provided at 
an end portion of the rod 60 opposite to the large- 
radius portion. As shown in Figs. 1 and 2, the rod 60 
is hollow and cylindrical, and therefore, the mass of 
the rod 60 is very small. 

Further, a pressure control mechanism 67 is ar- 
ranged adjacent to the pressure control chamber 66. 
This pressure control mechanism 67 has a valve 
chamber 67a coaxially arranged with the pressure 
control chamber 66, a ring-shaped valve seat 67b 
formed in the connection portion of the pressure con- 
trol chamber 66 and the valve seat 67a, and a valve 
member 67d which can be seated on the valve seat 
67 by a compression spring 67c. A throttle passage 
67e connecting the pressure control chamber 66 to 
the valve chamber 67a is provided in the valve mem- 
ber 67d, and an actuator 70 is arranged above the 
valve chamber 67a. 

As shown in Figs. 1 and 5 the actuator 70 has an 
actuator housing 72 formed as one body with the 
housing body 1 and having a piston hole 71 therein, 
a piston 73 slidably inserted into the piston hole 71 , a 
terminal plate 74 covering atop portion of the actua- 
tor housing 72, an end plate holder 75 for fixing the 
end plate 74 to the top of the actuator housing 72, and 
a synthetic resin cap 76 covering the upper end por- 
tion of the terminal plate 74. A piezoelectric element 
77 having a large number of laminated piezoelectric 
plates is inserted between the piston 73 and the end 
plate 74, and a variable volume chamber 78 defined 
by the lower end surface of the piston 73 is formed 
within the piston hole 73 below the piston 71. This va- 
riable volume chamber 78 is connected, via a fuel 
passage 79, to the valve chamber 67d. Aring-shaped 
cooling chamber 80 is formed between the piston 73 
and the actuator housing 72, Also, a compression 
spring 81 for always activating the piston 71 upward 
is inserted within the cooling chamber 80. When the 
piezoelectric element 77 is changed, the piezoelec- 
tric element 77 expands along the axial direction 
thereof, to reduce the volume of the variable volume 
chamber 78. Further, when the piezoelectric element 
77 is discharged, the piezoelectric element 77 con- 
tracts along the axial direction thereof, to increase the 
volume of the variable volume chamber 78. 

As shown in Fig. 5, a check valve 82 is inserted 
into the housing body 1 . This check valve 82 has a ball 
84 for controlling the opening and closing of a valve 
port 83, a rod 85 for defining the amount of lift of the 
ball 84, and a compression spring 86 for always bias- 
ing the bait 84 and the rod 85 downward, i.e., the valve 
port 83 is usually closed. The valve port 83 of the 
check valve 82 is connected, via a fuel inlet passage 
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87, to the low pressure fuel pump (not shown), and 
therefore, fuel having a low pressure of 2 to 3 kg/cm 2 
is supplied from the fuel inlet passage 87. The check 
valve 82 can allow a flow of fuel only toward the fuel 
inlet passage 87, and therefore, when the fuel pres- 5 
sure within the variable volume chamber 78 becomes 
lower than 2 to 3 kg/cm 2 , fuel is replenished via the 
check valve 82, in the variable volume chamber 78. 
Therefore, the variable volume chamber 78, the valve 
chamber 67a, and the pressure control chamber 66 10 
are always filled with fuel. Further, as shown in Fig. 
5, a lower end of the cooling chamber 80 is connected 
via a fuel inlet passage 88 to the low pressure fuel 
pump (not shown), so that fuel having a low pressure 
of 2 to 3 kg/cm 2 is supplied from the fuel inlet passage 15 
88 to the cooling chamber 80, to thereby cool the pie- 
zoelectric element 77. Also, as shown in Fig. 3, the 
lower end of the cooling chamber 80 is connected via 
a fuel exhaust passage 89 to the fuel supply port 20, 
and a check valve 90 is provided in the fuel supply 20 
port 20. As a result, fuel is fed from only the cooling 
chamber 80 to the fuel supply port 20. This check 
valve 90 has a ball 92 for controlling the opening and 
closing of a valve port 91, a rod 93 for defining the 
amount of lift of the ball 92, and a compression spring 25 
94 for always biasing the ball 92 and the rod 93 down- 
ward. The fuel in the cooling chamber 80 cools the 
piezoelectric element 77, and thereafter, is supplied 
via the fuel exhaust passage 89 to the fuel supply port 
20. Also, as shown in Figs. 1 and 2, the lower end of 30 
the cooling chamber 80 is connected via a fuel pas- 
sage 95 to the rod back-pressure chamber 65, and 
therefore, the chamber 65 is filled with fuel at a pres- 
sure of 2 to 3 kg/cm 2 . 

As explained above, fuel is supplied via the fuel 35 
inlet passage 88 to the cooling chamber 80, and 
thereafter, this fuel cools the piezoelectric element 
77. This fuel is then supplied, via the fuel exhaust 
passage 89 and the check valve 90, to the fuel supply 
port 20. As 9hown in Fig. 3, when the plunger 12 is lo- 40 
cated at the upper position, fuel is supplied from the 
fuel supply port 20 to the fuel pressure chamber 15. 
Therefore, at this time, the pressure within the fuel 
pressure chamber 15 is at a low level of about 2 to 3 
kg/cm 2 . Further, at this time, the piezoelectric ele- 45 
ment 77 is located at the maximum contracted posi- 
tion, and the fuel pressure within the variable volume 
chamber 78 and the pressure control chamber 66 is 
at a low level of about 2 to 3 kg/cm 2 . Therefore, the 
overflow valve 31 is moved to the right in Figs. 1 and so 
2 by the spring force of the compression spring 45, so 
that the ring-shaped valve portion 40 is separated 
from the valve seat 35. That is, the overflow valve 31 
is opened. Therefore, on one hand, fuel at a low pres- 
sure in the fuel pressure chamber 1 5 is supplied, via 55 
the fuel overflow passage 50 and the pressurized 
fuel introducing chamber 41, to the fuel overflow 
chamber 42, and on the other hand, the above- 
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mentioned fuel is supplied, via the fuel passage 52 
and 51, the overflow valve back-pressure chamber 
44, and the fuel passages 47 and 46 of the overflow 
valve 31 , to the fuel overflow chamber 42. Fuel sup- 
plied to the overflow chamber 42 is expelled from the 
fuel exhaust passage 53- Therefore, at this time, the 
pressurized fuel introducing chamber 41, the fuel 
overflow chamber 42, and the overflow valve back- 
pressure 44 are filled with fuel having a low pressure 
of about 2 to 3 kg/cm 2 . 

Next, when the plunger 12 descends, although 
the fuel supply port 20 and the fuel port 21 are closed 
by the plunger 12, the overflow valve 31 is opened so 
that fuel in the fuel pressure chamber 15 is expelled 
via the fuel overflow passage 50 and the pressurized 
fuel introducing chamber 41 of the overflow valve 22 
to the fuel overflow chamber 42. Therefore, also in 
this case, the fuel pressure in the fuel pressure cham- 
ber 1 5 is at a low level of about 2 to 3 kg/cm 2 . 

Next, when the piezoelectric element 77 is 
charged, to initiate a fuel injection, the piezoelectric 
element 77 is axially expanded, so that the piston 73 
is pushed down to rapidly increase the fuel pressure 
within the variable volume chamber 78 and the valve 
chamber 67a. At this time, since the valve member 
67d is seated on the valve seat 67b, fuel at a high 
pressure in the valve chamber 67 is spilled via the 
throttle passage 67e to the pressure control chamber 
66. As a result, the fuel pressure in the pressure con- 
trol chamber 66 is increased at a lower rate than the 
fuel pressure in the variable volume chamber 78 and 
the valve chamber 67a. When the fuel pressure in the 
pressure control chamber 66 is increased at such a 
low rate, the rod 60 is moved to the left at a low rate, 
and accordingly, the overflow valve 31 is also moved 
to the left at a low rate, so that the ring-shaped valve 
portion 40 of the overflow valve 31 abuts against the 
valve seat 35 at a low rate to close the overflow valve 
31. Thus, since the overflow valve 31 abuts against 
the valve seat 35 at a low rate, bouncing of the over- 
flow valve 31 at the valve seat 35 cannot occur. 
Therefore, once the overflow valve 31 is closed, this 
valve is held in the closed state. Also, since the rod 
60 is also moved at a low rate, when the overflow 
valve 31 abuts against the valve seat 35, the rod 60 
is not separated from the overflow valve 31. There- 
fore, since the fuel pressure in the pressure control 
chamber 66 is still applied to the valve member 31, 
the overflow valve 31 is held in the closed state. 
When the overflow valve 31 is closed, the fuel pres- 
sure within the fuel pressure chamber 15 is rapidly in- 
creased by the descending motion of the plunger 12, 
and as a result, when the fuel pressure in the fuel 
pressure chamber 15 becomes higher than a prede- 
termined pressure, such as 1500 kg/cm 2 , the needle 
7 is opened to inject fuel from the nozzle hole 3. At 
this time, although a high pressure of fuel is also ap- 
plied via the fuel overflow passage 50 to the pressu- 
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rized fuel introducing chamber 41 of the overflow 
valve 31, such a high pressure of fuel does not oper- 
ate the overflow valve 31 since the area for receiving 
the fuel pressure is the same on both sides of the 
pressurized fuel introducing chamber 41 . 5 

Next, when the piezoelectric element 77 is dis- 
charged, to complete a fuel injection, the piezoelec- 
tric element 77 is contracted. As a result, since the 
piston 73 is moved upward by the spring force of the 
compression spring 81 , the fuel pressures within the 1 o 
variable volume chamber 78 and the valve chamber 
67a are reduced. When the pressure of the valve 
chamber 67a is reduced, the pressure of the pressure 
chamber 66 becomes higher than the pressure of the 
valve chamber 67a, the valve member 67d is rapidly is 
separated from the valve seat 67b, and accordingly, 
the pressure of the pressure control chamber 66 is 
rapidly reduced at approximately the same rate as for 
the variable volume chamber 78 and the valve cham- 
ber 67a. As explained above, the mass of the rod 60 20 
and the overflow valve 31 is small, and therefore, 
when the pressure in the pressure control chamber 66 
is reduced, the rod 60 and the overflow valve 31 are 
rapidly moved to the right in Figs. 1 and 2 by the spring 
force of the compression spring 45, so that the ring- 2s 
shaped valve portion 40 of the overflow valve 31 is 
separated from the valve seat 35 to rapidly open the 
overflow valve 31. When the overflow valve 31 is 
opened, high pressure fuel in the fuel pressure cham- 
ber 15 is injected, via the fuel overflow passage 50 30 
and the pressurized fuel introducing chamber 41, to 
the fuel overflow chamber 42, so that the fuel pres- 
sure in the fuel pressure chamber 15 is rapidly re- 
duced. Further, the volume of the fuel overflow cham- 
ber 42 is so small that the fuel pressure of the fuel 35 
overflow chamber 42 becomes temporarily high when 
pressurized fuel is injected into the fuel overflow 
chamber 42. As explained above, since the second 
ring-shaped fitting portion 39 is formed between the 
end surface 48 of the large-radius portion 37 of the 40 
overflow valve 31 and the fuel overflow chamber 42, 
a high pressure of fuel generated within the fuel over- 
flow chamber 42 does not act on the end face of the 
large-radius portion 37 of the overflow valve 31 . As a 
result, the high pressure generated in the fuel over- 45 
flow chamber 42 acts only on the area between the 
cross-section of the large-radius hole of the slidable 
hole 30 and that of the small-radius hole 32 toward the 
opening direction of the overflow valve 31. Thus, the 
overflow valve 31 is activated to move in the opening 50 
direction by the high pressure generated in the fuel 
overflow chamber 42. Also, when high pressure fuel 
is injected into the fuel overflow chamber 42, a part 
of this fuel is injected from the fuel passage 47 via the 
fuel passage 46 of the overflow valve 31 to the over- 55 
flow valve back-pressure chamber 44. Thus, when 
high pressure fuel is injected from the fuel passage 
47, an opening activation force is applied by the re- 
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action of the injection operation to the overflow valve 
31 to open. Also, when the high pressure fuel is inject- 
ed into the overflow valve back-pressure chamber 
44, the pressure in the chamber 44 is increased so 
that an opening activation force is also applied to the 
overflow valve 31 by the fuel pressure of the chamber 
44. Thus, when the overflow valve 31 is opened, an 
opening activation force is applied thereto by the in- 
crease of pressure in the fuel overflow chamber 42, 
the injection operation from the fuel passage 47, and 
the increase of pressure in the overflow valve back- 
pressure chamber 44. Therefore, immediately after 
the ring-shaped valve portion 40 is separated from 
the valve seat 35, the overflow valve 31 is rapidly 
opened. Further, once the overflow valve 31 is 
opened, this open state of the overflow valve 31 is 
held. Therefore, when the overflow valve 31 is 
opened, the fuel pressure in the fuel pressure cham- 
ber 15 is continuously reduced and accordingly, when 
the overflow valve 31 is opened, the needle 7 rapidly 
descends to stop the fuel injection. Also, when the en- 
gine speed or the engine load, becomes larger, the 
pressure of the pressurized fuel in the fuel pressure 
chamber 15 becomes higher, and therefore, the in- 
crease of the pressure in the fuel overflow chamber 
42 is large when the overflow valve 3 1 is opened. Fur- 
ther, at this time, the fuel injection operation from the 
fuel passage 47 is strong, to enlarge the increase of 
the overflow valve back-pressure chamber 44. 
Therefore, when the engine speed or the engine load 
is larger, the opening activation force for the overflow 
valve 31 is stronger. Furthermore, to open the over- 
flow valve 31, when the piezoelectric element 77 is 
contracted to reduce the fuel pressure of the variable 
volume chamber 78, low-pressure fuel is supplied to 
the variable volume chamber 78 if the pressure of the 
variable volume chamber 78 is lower than that of the 
fuel inlet passage 87 (Fig, 5). 

Next, when the plunger 12 further descends, the 
circumferential groove 26formed on the outer circum- 
ference of the plunger 12 is connected to the fuel sup- 
ply port 20 and the fuel port 21. At this time, although 
the overflow valve 31 is usually open, when the over- 
flow 31 is closed for some reason, the pressure in the 
fuel pressure chamber 15 is still high. Therefore, the 
circumferential groove 26 is connected to the fuel 
supply port 20 and the fuel port 21 , and high pressure 
fuel in the fuel pressure chamber 15 is Injected, via 
the fuel relief valve 27 and the circumferential groove 
26, to the fuel supply port 20 and the fuel port 21 . At 
this time, the high pressure fuel injected into the fuel 
supply port 20 and the fuel port 21 cannot flow into 
the cooling chamber 80, due to the check valve 90, 
and thus flows, via the fuel passages 51 and 52, to 
the overflow valve back-pressure chamber 44, and 
further flows, via the fuel passages 46 and 47, to the 
fuel overflow chamber 42. As a result, when the over- 
flow chamber 44, and the fuel overflow chamber 42 
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are at a high pressure, a large opening force is applied 
to the overflow valve 31 , and thus this overflow valve 
31 is forcibly opened, therefore, the circumferential 
groove 26 serves as a fail-safe to prevent a closing 
of overflow valve 31 for some reason. 5 

Next, the plunger 12 rises to the upper position 
thereof, and again descends, whereby a strong down- 
ward drive force is applied to the plunger 12, so that 
the fuel presume of the fuel pressure 1 5 becomes 
higher than 1500 kg/cm 2 . Nevertheless, since the 10 
slidable hole 30 is arranged on the side of the plunger 
12, the slidable hole 30 cannot be distorted, thus en- 
suring a smooth sliding operation of the overflow 
valve 31. Also, since the slidable hole 30 is arranged 
traversely to the plunger 1 2, the slidable hole 30 can is 
be positioned close to the fuel pressure chamber 15, 
and as a result, the fuel overflow passage 50 can be 
shortened, and accordingly, the volume of the fuel 
pressure chamber 15 can be reduced. Therefore, 
since the fuel pressure in the fuel pressure chamber 20 
1 5 can be easily made high, a good atomization of in- 
jected fuel can be obtained. Further, since the volume 
of the fuel pressure chamber 15 can be small, when 
the overflow value 31 is opened, the fuel pressure in 
the fuel pressure chamber 15 is rapidly reduced to 25 
promptly stop a fuel injection. Therefore, after the 
overflow valve 31 is opened, the generation of smoke 
can be suppressed since a fuel injection cannot con- 
tinue under a low pressure state. Also, the output of 
the engine can be improved, and the fuel consump- 30 
tion can be improved. Further, since the fuel injection 
amount rapidly rises and ends in response to the 
opening/closing operation of the overflow valve 31, 
an excellent pilot injection can be carried out. 

Also, the width of the unit injector can be short- 35 
ened by forming the slidable hole 30 traversely on the 
side of the plunger 12. Furthermore, the width of the 
unit injector can be further shortened by arranging the 
axial line of the piezoelectric element 77 perpendicu- 
lar to the coaxial line of the slidable hole 30 and the 40 
rod 69, i.e., in parallel with the coaxial line of the 
plunger 12 and the needle 7. 

To initiate a fuel injection, since the pressure 
within the pressure control chamber rises at a low 
rate, the overflow valve is moved in the closing direc- 45 
tion at a low rate. Therefore, bouncing of the overflow 
valve at the valve seat cannot occur, and once the 
overflow valve is seated on the valve seat the over- 
flow valve remains closed, thus securely closing the 
overflow valve. As a resu It, the fuel inject ion pressure so 
smoothly rises to a high pressure, and an excellent 
fuel injection can be carried out. Also, to stop a fuel 
injection, since the pressure in the pressure control 
chamber is rapidly reduced, so that the overflow 
valve is rapidly opened, a clean cut-off of the fuel is 55 
obtained. 

The above-mentioned fuel injection apparatus 
including the pressure control mechanism is further 



improved by providing an electrical apparatus for 
driving the piezoelectric element 77 according to the 
present invention, as now explained. 

In Fig. 8, which illustrates a general apparatus for 
driving the piezoelectric element 77 of Figs. 1 through 
7, a charging switching means B receives a DC output 
of a high DC voltage generating means A, to apply a 
high DC voltage to the piezoelectric element 77, 
thereby expanding the piezoelectric element 77. As a 
result, the valve member 67 is sealed on the valve 
seat 67b, and therefore, the valve is closed. Contrary 
to this, a discharging switching means C discharges 
the piezoelectric element 77, thereby contracting the 
piezoelectric element 77, and as a result, the valve 
member 67d is separated from the valve seat 67d, 
and therefore, the valve is opened. 

A known apparatus for driving the piezoelectric 
element 77 of Fig. 8, is shown in Fig. 9. In Fig. 9, 101 
designates a 12 V battery which supplies power via 
an ignition switch 1 02 to a high voltage generating cir- 
cuit 103. This light voltage generating circuit 103 con- 
verts the battery voltage 12 V into a voltage of 300 V 
on the like and applies it to a condenser 104. 

The high voltage generating circuit 103 is formed 
by a high frequency oscillation circuit 1 031 , a step-up 
transformer 1032 as a step-up circuit, a transistor 
1 033 for turning ON and OFF the primary coil of the 
step-up transformer 1032, and a diode 1034 for sup- 
plying a positive voltage generated in the secondary 
coil of the step-up transformer 1032 to a condenser 
104. 

Also, a thyristor 1051 and a coil 1052 are provid- 
ed as a charging switching circuit means 105, and a 
thyristor 1061 and a coil 1062 are provided as a dis- 
charging switching circuit (means) 106. The thyristor 
1051 is turned ON by a valve closing ignition signal 
(pulse) Si , and the thyristor 1 061 is turned ON by a 
valve opening ignition signal (pulse) S 2 . 

The coil 1 052 is used for forming on LC oscillation 
circuit. Therefore, when the thyristor 1051 is turned 
ON, an LC oscillation circuit is formed by the con- 
denser 104, the coil 1052 and the piezoelectric ele- 
ment 77, thereby enhancing the reduction of the vol- 
tage of the condenser 104 and the increase of the vol- 
tage of the piezoelectric element 77. Thereafter, the 
thyristor 1Q51 is turned OFF by natural commutation. 

The coil 1062 is also used for forming an LC os- 
cillation circuit. Therefore, when the thyristor 1 061 is 
turned ON, an LC oscillation circuit is formed by, the 
coil 1062 and the piezoelectric element 77, thereby 
enhancing the reduction of the voltage of the piezo- 
electric element 77. Thereafter, the thyristor 1061 is 
turned OFF by natural commutation. As a result, the 
discharged voltage of the piezoelectric element 77 
becomes lower than the earth voltage (0 V); for exam- 
ple, is -200 V. 

Reference 1 07 is a Zener diode, and a voltage de- 
tecting circuit 1 08 detects that the charged voltage of 



13 



EP 0 371 469 B1 



14 



the condenser 104 is higher than a voltage deter- 
mined by the Zener diode 107, to suppress the driving 
of the high frequency oscillation circuit 1031. That is, 
the charged voltage of the condenser 104 is defined 
as a predetermined value. 5 

In the driving apparatus of Fig. 9, when a valve 
closing signal is output as shown in Fig. 10A, the 
charged voltage of the piezoelectric element 77 is 
rapidly increased, and therefore, the displacement 
speed of the piezoelectric element 77 is also rapidly 10 
increased. As a result, since a fuel pressure is present 
as a displacement amplification mechanism in the va- 
riable volume chamber 78, the pressure P of the fuel- 
variable volume chamber 78 is rapidly increased be- 
fore the valve member 67d is moved. Accordingly, a 15 
peak value (such as 800 V) is generated in the 
charged voltage by the reaction of the element 77, 
and simultaneously, since the valve member 67d re- 
ceives a repulsive force corresponding to the above- 
mentioned pressure P of the variable volume cham- 20 
ber 78 and the displacement speed thereof is very 
large. As a result, when the valve member 67d is seat- 
ed on the valve seat 67b, the valve member 67d re- 
ceives a large repulsive force therefrom, thus creat- 
ing a bounce of the overflow valve 31 as indicated by 25 
an arrow X. When a bounce occurs, the linear char- 
acteristic of the fuel injection amount to the time is re- 
duced, and vibration of the injection rate at an initial 
stage of an Injection and a reduction of the pressure 
of an injection, and the like, are invited. 30 

Note that, to avoid the above-mentioned bounce, 
there is known a driving apparatus wherein a charging 
voltage is applied by two stages to the piezoelectric 
element (see; Unexamined Japanese Patent Public- 
ation (Kokai) No. 62- 1 42845). That is, when the valve 35 
member 67d is moved a 70 per cent distance along a 
full stroke, the applied voltage to the piezoelectric 
element 77 is temporarily made 0, and thereafter, the 
applied voltage is restored. This is helpful where the 
displacement of the piezoelectric element 77 is trans- 40 
mltted via an elastic member, a spring, or the like to 
the piezoelectric element 77, but not where the dis- 
placement of the piezoelectric element 77 is transmit- 
ted via a liquid (fuel) to the valve member 67d. In the 
latter case, the inversion of the applied voltage to 0 V 45 
implies that the valve member 67d is moved toward 
the opposite direction, so that it is impossible to close 
the valve member 67d, and thus this does not help to 
avoid the above-mentioned bounce. 

In Fig. 11, which illustrates a first embodiment of so 
the apparatus for the driving a piezoelectric element 
according to the present invention, a first-stage 
charging condenser 104a and a second-stage charg- 
ing condenser 104b are provided instead of the con- 
denser 104 of Fig. 9, and thyristors 1051a and 1 051b 55 
are provided in the charging switching circuit 105. 
Note that the voltage detecting circuit 108 monitors 
the voltage of the second-stage charging condenser 



1 04b to define the operation of the high frequency os- 
cillation circuit 1031. 

In Fig. 11, since three thyristors, i.e., the first- 
stage valve closing thy ristor 1051a, the second-stage 
valve closing thyristor 1051b, and the valve opening 
thyristor 1061, are present, a thyristor ignition circuit 
as illustrated in Fig. 13 is provided in the control cir- 
cuit (microcomputer, not shown). That is, the thyristor 
ignition circuit is comprised of three mono-stable mul- 
tivibrators 1301 to 1303, a delay circuit 1304, and 
three driven circuits 1305 to 1307. Here, the mono- 
stable multivibrator 1301 generates a pulse having a 
definite duration at every rise of a piezoelectric ele- 
ment driving signal S d generated in the control circuit, 
to turn ON the driver circuit 1305 and thereby gener- 
ate a first-stage valve closing ignition signal S,. Also, 
the mono-stable multivibrator 1 302 generates a pulse 
having a definite duration at every rise of the delayed 
piezoelectric element driving signal S d by the delay 
circuit 1304, to turn ON the driver circuit 1306 and 
thereby generate a second-stage valve closing igni- 
tion signal S/. Further, the mono-stable multivibrator 
1303 generates a pulse having a definite duration at 
every fall of a piezoelectric element driving signal S d 
to turn ON the driven circuit 1307 and thereby gener- 
ate a valve opening ignition signal S 2 . 

The operation of the circuit of Fig. 11 will be ex- 
plained with reference to Figs. 12A through 12F. 

Before the charging operation of the piezoelectric 
element 77, the high voltage generating circuit 103 is 
operated by a charging signal S 0 , and a high voltage 
is capacitively divided by the two condensers 104a 
and 104b and accumulated therein. In the high fre- 
quency generating circuit 103, the transistor 1033 is 
turned ON and OFF by the pulse signal of the high 
frequency oscillation circuit 1031, a primary current 
flows through the primary coil of the step-up transfor- 
mer 1 032 when the transistor 1 033 is turned ON, and 
accordingly, magnetic flux energy is accumulated in 
the core of the transformer. Next, when the transistor 
1033 is changed from an ON state to an OFF state, 
the above-mentioned accumulated magnetic flux en- 
ergy appears as a generated voltage, such as 300 V, 
in the secondary coil of the stop-up transformer 1 032, 
when the pulse duration of the pulse signal of the high 
frequency oscillation circuit 1031 is definite, this gen- 
erated voltage is definite. This generated voltage is 
accumulated via the diode 1034 in the condensers 
104a and 104b, and after a certain time has passed, 
the voltage of the condensers 104a and 104b be- 
comes equal to the generated voltage 300 V of the 
secondary coil of the step-up transformer 1032. At 
this time, this generated voltage 300 V is capacitively 
divided by the condensers 104a and 104b, and as a 
result, the terminal voltages V a and V b of the condens- 
ers are as follows. 
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V a = 



C a + Cb 



300 V 



300 V 



10 



20 



25 



30 



where C a and C b are capacitances of the con- 
densers 104a and 104b r respectively, 

Next, when the first-stage valve closing signal S, 
is generated, the thyristor 1051a is turned ON, so that 
an LC oscillation circuit is formed by the condenser 
1 04a, the coil 1052, and the piezoelectric element 77. 
Thus, charges accumulated in the condenser 104a 
are moved to the piezoelectric element 77, to charge 
the element 77. In this case, due to the presence of 
the above-mentioned LC oscillation circuit the termi- 
nal voltage V P2T of the piezoelectric element 77 be- 15 
comes higher than the final voltage of the condenser 
1 04a , and thereafter, the thyristor 1051a is turned ON 
by natural commutation. As a result, the piezoelectric 
element 77 is charged at the first predetermined vol- 
tage (350 V), so that the valve member 67d of Fig. 8 
is displaced toward the valve seat 67b. Therefore, the 
pressure P of the variable volume chamber 78 is rap- 
idly increased, and thereafter is decreased, due to the 
displacement of the valve member 67d. In this case, 
however, since the first predetermined voltage is so 
low that the valve member 67d can reach the valve 
seat 67b, the peak value of P is small, and the striking 
force (initial generated force) of the valve member 
67d is also small, thereby suppressing the motion 
speed of the valve member 67d. At this time, the ter- 
minal voltage V Pzr of the piezoelectric element 77 is 
increased, and thereafter, is decreased, by the reac- 
tion of the pressure P, but also in this case, the peak 
value thereof is small. 

Next, when a predetermined time such as 200 us 35 
has passed, so that the valve member 67d reaches 
the periphery of the valve seat 67b, the second-stage 
valve closing ignition signal Si' is generated, to turn 
ON the thyristor 1 051 b. As a result, an LC oscillation 
circuit is formed by the condenser 104b, the coil 1 052, 
and the piezoelectric element 77, and therefore, the 
charges of the condenser 104b are moved to the pie- 
zoelectric element 77 which is further charged to ob- 
tain a required applied voltage of 800 V. In this case, 
due to the presence of the above-mentioned LC os- 
cillation circuit, the terminal voltage Vpzr of the piezo- 
electric element 77 becomes higher than the sum of 
the voltages of the condensers 104a and 104b, and 
thereafter, the thyristor 1051b Is turned OFF by natu- 
ral commutation. As a result, the valve member 67d 
reaches the valve seat 67b at a lower rate compared 
with the case where 800 V is applied by one stage to 
the element 77. In addition, the generated force of the 
piezoelectric element 77 is the maximum, when the 
vaive member 67d is seated on the valve seat 67b in 
the same way as in the prior art, and therefore, the 
valve member 67d can reach the valve seat 67b with 
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a valve closing force of 800 V, without bounce. 

In the above-mentioned state, after a predeter- 
mined time has passed, the vaive opening ignition 
signal S Q is generated and the thyristor 1061 is turned 
ON, so that an LC oscillation circuit is formed by the 
piezoelectric element 77 and the coil 1062. Thus 
charges accumulated in the piezoelectric element 77 
are discharged. In this case, due to the presence of 
the above-mentioned LC oscillation circuit, the termi- 
nal voltage V PZT of the piezoelectric element 77 be- 
comes lower than 0 V, for example, becomes -150 V, 
and thereafter, the thyristor 1061 is turned OFF by 
natural commutation. Thus, the valve member 67d 
reaches the valve seat 67b at a lower rate, compared 
with the case where the voltage of 800 V is applied by 
one stage. In addition, the generated force of the pie- 
zoelectric element 77 at the time of seating on the 
vaive seat 67b is the same as that of the prior art. 
Therefore, the valve member 67d can reach the valve 
seat 67b at the valve closing force of the second pre- 
determined voltage 800 V without generating bounce. 
That is, the valve closing force is the same only when 
the final applied voltage is the same, regardless of 
whether the charging is one-stage or two-stage. 

The increase of P due to the delay of the displace- 
ment of the valve 67d is absorbed by the motion of the 
valve member 67d during a first stage charging mode. 
At a second stage charging mode of 800 V, there is 
no vibration of voltage by the reaction of thefuel pres- 
sure due to the response delay of the motion of the 
valve member 67d, and the peak value of the terminal 
voltage V PZT of the piezoelectric element 77 almost 
coincides with the flat value thereof. Accordingly, 
when the peak value the terminal voltage V PZT of the 
piezoelectric element 77 is definite, i.e., when the 
withstanding voltage of the piezoelectric element 77 
is the same, the flat value (corresponding to the ap- 
plied voltage) of the terminal voltage after the comple- 
tion of charging can be increased compared with the 
one-stage charging type. Therefore, it is possible to 
further suppress bounce by generating a larger valve 
closing force. 

Figure 15 illustrates a second embodiment of the 
apparatus for driving a piezoelectric element accord- 
ing to the present invention, different from Fig. 11 in 
that the first-stage charging condenser 1 04a and the 
second-stage charging condenser 104b are connect- 
ed in parallel, and therefore, the condensers 104a 
and 104b are charged at approximately the same vol- 
tage. Note that a diode 1 04c is used to avoid a reverse 
current. That is, the terminal voltages V a and V b of the 
condensers 104a and 104b are as follows: 
V a « V b * 300V 

The operation of the circuit of Fig. 15 will be ex- 
plained with reference to Figs. 16A through 1 6H. 

Before the charging operation of the piezoelectric 
element 77, the high voltage generating circuit 103 is 
operated by a charging signal S 0 , and a high voltage 
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is capacitively simultaneously accumulated in the two 
condensers 104a and 104b. 

Next, when the first-stage valve closing ignition 
signal S, is generated, the thyristor 1051a is turned 
ON, so that an LC oscillation circuit is formed by the s 
condenser 104a, the coil 1052, and the piezoelectric 
element 77, and thus charges accumulated in the 
condenser 104a are moved to the piezoelectric ele- 
ment 77, to charge the element 77. In this case, due 
to the presence of the above-mentioned LC oscilla- 10 
tion circuit the terminal voltage Vpzt of the piezoelec- 
tric element 77 becomes higher than the final voltage 
of the condenser 104a, and thereafter, the thyristor 
1051a is turned OFF by natural commutation. 

Next, when a predetermined time has passed so is 
that the valve member 67d reaches the periphery of 
the valve seat 67b, the second-stage vaive closing ig- 
nition signal S.,' is generated to turn ON the thyristor 
1051b. As a result, an LC oscillation circuit is formed 
by the condenser 104b, the coil 1052, and the piezo- 20 
electric element 77, and therefore, the charges of the 
condenser 104b are moved to the piezoelectric ele- 
ment 77, which is further charged. In this case, due 
to the presence of the above-mentioned LC oscilla- 
tion circuit, the terminal voltage V PZT of the piezoelec- 2s 
trie element 77 becomes higher than the voltage of 
the condenser 104b, and thereafter, the thyristor 
1051b is turned OFF by natural commutation. 

In the above-mentioned state, after a predeter- 
mined time has passed, the valve opening ignition so 
signal S 2 is generated and the thyristor 1061 is turned 
ON, so that an LC oscillation circuit is formed by the 
piezoelectric element 77 and the coil 1062, thus 
charges accumulated in the piezoelectric element 77 
are discharged. In this case, due to the presence of 35 
the above-mentioned LC oscillation circuit, the termi- 
nal voltage V PZT of the piezoelectric element 77 be- 
comes lower than 0 V, for example, becomes -1 50 V, 
and thereafter the thyristor 1061 is turned OFF by 
natural commutation. 40 

Thus, also in the second embodiment, the charg- 
ing voltage of the piezoelectric element 77 is control- 
led in two-stages in the same way as in the first em- 
bodiment. 

As shown in Fig. 17 which illustrates a third em- 45 
bodiment of the driving apparatus for a piezoelectric 
element according to the present invention, the first- 
stage charging condenser 104a and the second-sta- 
ge charging condenser 104b are charged by two sep- 
arate high voltage generating circuits 103 and 103'. so 
In this case, although the apparatus is larger com- 
pared with those of the first and second embodi- 
ments, there is an advantage in that the charging 
power can be increased. Note that the operation of 
the circuit of Fig. 1 7 is almost the same as that of Fig. 55 
15. 

Note that the above-mentioned embodiments of 
Figs. 11, 15, and 17 can be also applied to a fuel in- 
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jection apparatus not provided with the pressure con- 
trol mechanism of Figs. 1 to 7. 

As explained above, according to the driving ap- 
paratus of the present invention, since the voltage ap- 
plied to the piezoelectric element 77 is increased by 
two-stages, bounce of the valve member can be 
avoided. Therefore, when the present invention is ap- 
plied to a fuel injection valve, the reduction of linear 
characteristics of the fuel injection amount to the 
ti me, the vibration of the fuel injection rate at an initial 
stage of an injection, and the reduction of pressure of 
an injection, can be avoided. 



Claims 

1. An apparatus for driving a piezoelectric element 
(77) to transmit a displacement of said piezoelec- 
tric element via a liquid to a valve member (67d) 
for closing and opening said valve member, com- 
prising 

a high DC voltage generating means (101 , 
103, 104); 

a charging switching means (105), con- 
nected to said high DC voltage generating means 
and said piezoelectric element for generating a 
first voltage and for applying said first voltage to 
said piezoelectric element for a predetermined 
time to thereby prepare closing said valve mem- 
ben and 

a discharging switching means (106) con- 
nected to said piezoelectric element for discharg- 
ing charges stored in said piezoelectric element 
to thereby open said valve member; 

characterized in that 

said charging switching means increases 
the voltage applied to said piezoelectric element 
after said valve member reaches a position near 
to a valve seat (67b) from said first voltage to a 
second voltage higher than said first voltage so 
that said valve member is seated on said valve 
seat to thereby close said valve member. 

2. An apparatus as set forth in claim 1, character- 
ized in that said high DC voltage generating 
means comprises; 

a battery (101); 

a DC/DC converter (103), connected to 
said battery, for generating a DC output; and 

first and second condensers (104a, 104b) 
connected in series, and connected to said 
DC/DC converter, for accumulating the DC output 
thereof. 

3. An apparatus as set forth in claim 2, character- 
ized in that said charging switching means com- 
prises: 

a first charging thyristor (1051a) and af irst 
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coil (1052) connected in series between said first 
condenser and said piezoelectric element; and 

a second charging thyristor (1 051 b) and a 
second coil (1052) connected in series between 
said second condenser and said piezoelectric s 
element, 

an LC oscillation circuit being formed by 
said first condenser, said first coil, and said pie- 
zoelectric element, to generate said first voltage, 
when said first charging thyristor is turned ON by 10 
a first closing signal (S^, 

an LC oscillation circuit being formed by 
said second condenser, said second coil, and 
said piezoelectric element, to generate said sec- 
ond voltage, when said second charging thyristor 15 
is turned ON by a second closing signal (S/). 

4. An apparatus as set forth in claim 3, character- 
ized in that said first coil serves as said second 

coil. 20 

5. An apparatus as set forth in claim 3, character- 
ized by further comprising means (107, 108), 
connected to said first or second condenser and 

to said DC/DC converter, for suppressing the op- 25 
eration thereof when the voltage of said first or 
second condenser is higher than a predeter- 
mined voltage. 

6, An apparatus as set forth in claim 1 , character- 30 
ized in that said high DC voltage generating 
means comprises: 

a battery (101); 

a DC/DC converter (103), connected to 
said battery, for generating a DC output; 35 

first and second condensers (104a, 104b) 
connected in parallel and connected in parallel to 
said DC/DC converter, for accumulating the DC 
output thereof; and 

a reverse-current avoiding element (1 04c) 40 
connected between said first and second con- 
densers. 

7, An apparatus as set forth in claim 6, character- 
ized in that said charging switching means com- 45 
prises: 

a first charging thyristor (1 051a) and a first 
coil (1052) connected in series between said first 
condenser and said piezoelectric element; and 

a second charging thyristor (1 051 b) and a so 
second coil (1052) connected in series between 
said second condenser and said piezoelectric 
element, 

an LC oscillation circuit being formed by 
said first condenser, said first coil, and said pie- 55 
zoelectric element, to generate said first voltage, 
when said first charging thyristor is turned ON by 
a first closing signal (S^, 
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an LC oscillation circuit being formed by 
said second condenser, said second coil, and 
said piezoelectric element, to generate said sec- 
ond voltage, when said second charging thyristor 
is turned ON by a second closing signal (St'). 

8. An apparatus as set forth in claim 7, character- 
ized in that said first coil serves as said second 
coil. 

9. An apparatus as set forth in claim 6, character- 
ized by further comprising means (107, 108), 
connected to said first or second condenser and 
to said DC/DC converter, for suppressing the op- 
eration thereof when the voltage of said first or 
second condenser is higher than a predeter- 
mined voltage. 

10. An apparatus as set forth in claim 1, character- 
ized in that said high DC generating means com- 
prises: 

a battery (101); 

first and second DC/DC converter (103, 
103'), connected to said battery, for generating 
DC outputs; and 

first and second condensers (1 04a, 104b) f 
connected to said first and second DC/DC con- 
verters, respectively, for accumulating the DC 
output thereof. 

11. An apparatus as set forth in clam 10, character- 
ized in that said charging switching means com- 
prises: 

a first charging thyristor (1051 a) and a first 
coil (1052) connected in series between said first 
condenser and said piezoelectric element; and 

a second charging thyristor (1051b) and a 
second coil (1052) connected in series between 
said second condenser and said piezoelectric 
element, 

an LC oscillation circuit being formed by 
said first condenser, said first coil, and said pie- 
zoelectric element, to generate said first voltage, 
when said first charging thyristor is turned ON by 
a first closing signal (S-i), 

an LC oscillation circuit being formed by 
said second condenser, said second coil, and 
said piezoelectric element, to generate said sec- 
ond voltage, when said second charging thyristor 
is turned ON by a second closing signal (S-,'). 

12. An apparatus as set forth in claim 11, character- 
ized in that said first coil serves as said second 
coil. 

13. An apparatus as set forth in claim 10, character- 
ized by further comprising: 

means (107, 108), connected to said first 
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condenser and to said first DC/DC converter, for 
suppressing the operation thereof when the vol- 
tage of said first second condenser is higher than 
a predetermined voltage; and 

means (1 07', 1 08'), connected to said sec- s 
ond condenser and to said second DC/DC con- 
verter, for suppressing the operation thereof 
when the voltage of said second condenser is 
higher than a predetermined voltage. 

10 

14. An apparatus as set forth in claim 1, character- 
ized in that said discharging switching means 
comprises: 

a discharging thyristor (1061) and a coil 
(1062) connected in series and connected in par- 15 
allel with said piezoelectric element, 

an LC oscillation circuit being formed by 
said coil and said piezoelectric element, to dis- 
charge the charges stored therein, when said dis- 
charging thyristor is turned ON by an opening sig- 20 
nal (S 2 ). 

1 5. An apparatus according to claim 1 , characterized 
in that said piezoelectric element (77) and said 
valve member (67d) are adapted to form a pres- 25 
sure control mechanism (67) provided between a 
pressure control chamber (66) arranged coaxially 
with a slkJable hole (30) and a variable volume 
chamber (78) connected to said pressure control 
chamber (66) and being changed by an actuator 30 
(73) connected to said piezoelectric element (77) 

to thereby close an overflow valve (31), which is 
sfidably inserted into said slidable hole (30) and 
controlled by the pressure within said pressure 
control chamber (66), so as to shut off fuel from 35 
a fuel pressure chamber (15), which is filled with 
said fuel and pressurized by an engine-driven 
plunger (12) so as to make a needie (7) move in 
response to the fuel pressure in order to open 
said needle when the fuel pressure is larger than 40 
a predetermined pressure, when the volume of 
said variable volume chamber (78) is reduced to 
increase the pressure in said pressure control 
chamber (66), said pressure control mechanism 
(67) increasing the fuel pressure within said pres- 45 
sure control chamber (66) at a lower rate than the 
rate of increase of the pressure in said variable 
volume chamber (78) when the volume of said va- 
riable volume chamber (78) is reduced, and de- 
creasing the pressure within said pressure con- so 
trol chamber (66) at the approximately same rate 
as the rate of decreasing the pressure in said va- 
riable volume chamber (78) when the volume of 
said variable volume chamber (76) is increased. 



Patentansp ruche 

1. Gerat zum Antreiben eines piezoelektrischen 
Elements (77), um eine Verschiebung des piezo- 
elektrischen Elements uber eine Flussigkeit zu 
einem Ventilglied (67d) zum SchlieBen und Off- 
nen des Ventilglieds zu ubertragen, mit einer 
Gleich-Hochspannungs-Erzeugungseinrichtung 
(101, 103, 104); 

einer mit der Gleich-Hochspannungs- 
Erzeugungseinrichtung und dem piezoelektri- 
schen Element verbundenen Lade-Schalteinrich- 
tung (105) zum Erzeugen einer ersten Spannung 
und zum Anlegen der ersten Spannung an das 
piezoelektrische Element fur eine vorbestimmte 
Zeit, um somit das Schlie&en des Ventilglieds 
vorzubereiten; und 

einer mit dem piezoelektrischen Element verbun- 
denen Entlade-Schalteinrichtung (106) zum Ent- 
laden von in dem piezoelektrischen Element ge- 
speicherten Ladungen, um somit das Ventilglied 
zu offnen; dadurch gekennzeichnet, daft 
die Lade-Schalteinrichtung die an das piezoelek- 
trische Element angelegte Spannung von der er- 
sten Spannung auf eine zweite Spannung erhSht, 
die h6her als die erste Spannung ist, nachdem 
das Ventilglied eine Position nahe einem Ventil- 
sitz(67b) erreicht, so da & das Ventilglied auf dem 
Ventilsitzaufsitzt, um dadurch das Ventilglied zu 
schlieften. 

2. Gerat nach Anspruch 1 , dadurch gekennzeichnet, 
dafi die Gleich-Hochspannungs-Erzeugungsein- 
richtung 

eine Batterie (101); 

eine mit der Batterie verbundene Gleichspannungs- 
Gleichspannungs-Wandlungseinrichtung (103) zum 
Erzeugen eines Gleichspannungs-Ausgangssjgnals; 
und 

in Serie geschaltete und mit der Gleichspan- 
nungs-Gleichspannungs-Wandiungseinrichtung 
verbundene erste und zweite Kondensatoren 
(104a, 104b) zum Akkumulteren des Gleichspan- 
nungs-Ausgangssignals derselben enthglt 

3. Gerat nach Anspruch 2, dadurch gekennzeichnet 
dad die Lade-Schalteinrichtung 

einen ersten Lad ethyristor (1051a) und eine erste 
Spule (1052), die zwischen dem ersten Konden- 
sator und dem piezoelektrischen Element in Se- 
rie geschaltet sind; und 

elnen zweiten Ladethyristor (1051b) und eine 
zweite Spule (1052), die zwischen dem zweiten 
Kondensator und dem piezoelektrischen Ele- 
ment in Serie geschaltet sind, 
einen durch den ersten Kondensator, die erste 
Spule und das piezoelektrische Element ausge- 
bildeten LC-Schwingkreis zum Erzeugen der er- 
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sten Spannung, wenn der erste Ladethyristor 
durch eln erstes SchlieBsignal (S1) eingeschaltet 
wird, 

einen von dem zweiten Kondensator, derzweiten 
Spule und dem piezoelektrischen Element aus- 5 
geblldeten LC-Schwingkreis zum Erzeugen der 
zweiten Spannung, wenn der zweite Ladethyri- 
stor durch ein zweites SchlieBsignal (S1') einge- 
schaltet wird, e nth alt. 

10 

4. Gerat nach Anspruch 3, dadurch gekennzeich- 
net, daB die erste Spule als die zweite Spule 
dient 

5. Gerat nach Anspruch 3, dadurch gekennzeich- 15 
net, daft es zudem Einrichtungen (107, 108) ent- 
halt, die mit dem ersten oder zweiten Kondensa- 
tor und der Gleichspannungs-Gleichspannungs- 
Wandlungseinrichtung verbunden sind, um die 
Funktion derseiben zu unterdrucken, wenn die 20 
Spannung des ersten oder zweiten Kondensa- 

tors hdher als eine vorbestimmte Spannung ist. 

6. Gerat nach Anspruch 1 , dadurch gekennzeichnet, 

daB die Gleich-Hochspannungs-Erzeugungs- 25 

einrichtung 

eine Batterie (101); 

eine mit der Batterie verbundene Gleichspan- 
nungs-Gleichspannungs-Wandlungseinrichtung 
(103) zum Erzeugen eines Gfeichspannungs- 30 
Ausgangssignals; 

zueinander parallel geschaltete und parallel zu der 
Gleichspannungs-Gleichspannungs-Wandlungs- 
einrichtung geschaltete erste und zweite Kon- 
densatoren (104a, 104b) zum Akkumulieren des 35 
Gleichspannungsausgangssignals derseiben 
und 

einRuckwa^sstrom-Verhinderungselement(104c), 
das zwischen dem ersten und zweiten Kondensa- 
tor geschaltet ist, enthalt. 40 

7. Gerat nach Anspruch 6, dadurch gekennzeich- 
net, daB die Lade-Schalteinrichtung 

einen ersten Ladethyristor (1051 a) und eine erste 
Spule (1052). die in Reihe zwischen dem ersten 45 
Kondensator und das piezoelektrische Element 
geschaltet sind; und 

einen zweiten Ladethyristor (1051b) und eine 
zweite Spule (1052), die in Reihe zwischen dem 
zweiten Kondensator und das piezoelektrische so 
Element geschaltet sind, 
einen von dem ersten Kondensator, der ersten 
Spule und dem piezoelektrischen Element aus- 
gebildeten LC-Schwingkreis zum Erzeugen der 
ersten Spannung, wenn der erste Ladethyristor 55 
durch ein erstes SchlieBsignal (S1) eingeschaltet 
wird, 

einen durch den zweiten Kondensator, die zweite 
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Spule und das piezoelektrische Element ausge- 
bildeten LC-Schwingkreis zum Erzeugen der 
zweiten Spannung, wenn der zweite Ladethyri- 
stor durch ein zweites SchlieBsignal (S1 # ) einge- 
schaltet wird, enthalt. 

8. Gerat nach Anspruch 7, dadurch gekennzeich- 
net, daB die erste Spule als die zweite Spule 
dient 

9. Gerat nach Anspruch 6, dadurch gekennzeichnet, 
daB es zudem Einrichtung (107, 108) enthalt, die 
mit dem ersten oder zweiten Kondensator und der 
Gleichspannungs-Gleichspannungs-Wandlungs 
einrichtung verbunden sind, um die Funktion der- 
seiben zu unterdrucken, wenn die Spannung des 
ersten oder zweiten Kondensators hoher als eine 
vorbestimmte Spannung ist 

1 0. Gerat nach Anspruch 1 , dadurch gekennzeichnet, 
daB die Gleich-Hochspannungs-Erzeugungsein- 
richtung 

eine Batterie (101); 

eine mit der Batterie verbundene erste sowie zweite 
Glelchspannungs-Gleichspannungs-Wandlungs- 
einrichtung (103, 103') zum Erzeugen von 
Gleichspannu ngs-Ausgangss ig nalen; und 
einen mit der ersten bzw. zweiten Gleichspan- 
nungs-Gleichspannungs-Wandlungselnrichtung 
verbundenen ersten und zweiten Kondensator 
(104a, 104b) zum Akkumulieren des Gleichspan- 
nungs-Ausgangssignals derseiben enthalt. 

11. Gerat nach Anspruch 10, dadurch gekennzeich- 
net, daB die Lade-Schalteinrichtung 

einen ersten Ladethyristor (1051a) und eine erste 
Spule (1052), die in Reihe zwischen dem ersten 
Kondensator und dem piezoelektrischen Ele- 
ment geschaltet sind; und 
einen zweiten Ladethyristor (1051b) und eine 
zweite Spule (1052), die in Reihe zwischen dem 
zweiten Kondensator und das piezoelektrische 
Element geschaltet sind, 
einen durch den ersten Kondensator, die erste 
Spule und das piezoelektrische Element ausge- 
bildeten LC-Schwingkreis zum Erzeugen der er- 
sten Spannung, wenn der erste Ladethyristor 
durch ein erste SchlieBsignal (S1) eingeschaltet 
wird, 

einen durch den zweiten Kondensator, die zweite 
Spule und das piezoelektrische Element ausge- 
bildeten LC-Schwingkreis zum Erzeugen der 
zweiten Spannung, wenn der zweite Ladethyri- 
stor durch ein zweites SchlieBsignal (S1') einge- 
schaltet wird, enthalt. 

12. Gerat nach Anspruch 11, dadurch gekennzeich- 
net, daB die erste Spule als die zweite Spule 



13 



25 



EP 0 371 469 B1 



26 



dient. 

13. Gerat nach Anspruch 10, dadurch gekennzeich- 
net, daft es ferner mit dem ersten Kondensator 
und der ersten Gleichspannungs-Gleichspan- 5 
nungs-Wandlungseinrlchtung verbundene Ein- 
richtungen (107, 108) zum Unterdrucken der 
Funktion derselben, wenn die Spannung des er- 
sten zweiten Kondensators hoher als eine vorbe- 
stimmte Spannung ist; und 10 
mit dem zweiten Kondensator und der zweiten 
Gleichspannungs-Gleichspannungs-Wandlungs 
einrichtung verbundene Einrichtungen (107', 
108') zum Unterdrucken der Funktion derselben, 
wenn die Spannung des zweiten Kondensators is 
h6her als ein vorbestimmte Spannung ist, ent- 
halt. 

14. Gerat nach Anspruch 1, dadurch gekennzeich- 

net, daB die Entlade-Schalteinrichtung 20 
einen Entladethyristor (1061) und eine Spule 
(1062), die zueinander in Reihe und parallel zu 
dem piezoelektrischen Element geschaltet sind, 
einen durch die Spule und das piezoelektrische 
Element ausgebildeten LC-Schwingkreis zum 25 
Entladen der darin gespeicherten Ladungen, 
wenn der Entladethyristor durch ein Dffnungssi- 
gnal (S2) eingeschaltet wird, enthalt 

15. Gerat nach Anspruch 1, dadurch gekennzeich- 30 
net, da& das piezoelektrische Element (77) und 

das Ventilglied (67d) zum Ausbilden eines Druck- 
steuermechanismus (67) angepaftt sind, welcher 
zwischen einer koaxial zu einer gleitfahigen Off- 
nung (30) angeordneten Drucksteuerkammer 35 
(66) und einer mit der Drucksteuerkammer (66) 
verbundenen und von einem mit dem piezoelek- 
trischen Element (77) verbundenen Stellglied 
(73) veranderten Kammer (78) variablen Volu- 
mens geschaffen ist, um dadurch ein Oberstrom- 40 
ventit (31) zu schliefcen, das gleitfahig in die gleit- 
fahige Offnung (30) eingefuhrt ist und von dem 
Druck inner halb der Drucksteuerkammer (66) 
gesteuert wird, um somit Treibstoff von einer mit 
dem Treibstoff gef ullten und von einem motorge- 45 
triebenen Druckkolben (12) unter Druck gesetz- 
ten Treibstoffdruckkammer (15) auszuschlielien, 
um so eine Nadel (7) im Ansprechen auf den 
Treibstoffdruck zu bewegen, um die Nadel zu off- 
nen wenn der Treibstoffdruck grdBer als ein vor- so 
bestimmter Druck ist, wenn das Volumen der 
Kammer (78) variablen Volumens verringert wird, 
um den Druck in der Drucksteuerkammer (66) zu 
vergro&ern, wobei der Drucksteuermechanis- 
mus (67) den Treibstoffdruck inner halb der 55 
Drucksteuerkammer (66) mit einer geringeren 
Rate als der Rate des Anstiegs des Drucks in der 
Kammer (78) variablen Volumens vergrdBert, 



wenn das Volumen der Kammer (78) variablen 
Volumens verringert wird, und den Druck inner- 
halb der Drucksteuerkammer (66) mit annahernd 
der selben Rate wte der Rate des Verringerns des 
Drucks in der Kammer (78) variablen Volumens 
verringert, wenn das Volumen der Kammer (78) 
variablen Volumens vergro&ert wird. 



Revendicatlons 

1 . Un appareil pour actionner un element piezoelec- 
trique (77), af in de transmettre un deplacement 
dudit element piezoelectrique, via un Hquide, a un 
opercule (67d), afin de fermer et d'ouvrir ledit 
opercule, comprenant 

un moyen generateur de haute tension a 
courant continu (101, 103, 104); 

un moyen de commutation du chargement 
(106), connects audit moyen generateur de haute 
tension a courant continu et audit element pie- 
zoelectrique, af in de produire une premiere ten- 
sion et d'appliquer ladite premiere tension audit 
element piezoelectrique, pendant un temps pre- 
determine, de maniere a preparer la fermeture 
dudit opercule; et 

un moyen de commutation du decharge- 
ment (106), connecte audit element piezoelectri- 
que afin de decharger des charges stockees 
dans ledit element piezoelectrique, en vue d'ou- 
vrir, de la sorte, ledit opercule; 

caracterise en ce que 

le moyen de commutation du chargement 
augmente la tension appliquee audit element pie- 
zoelectrique, apres que ledit opercule ait atteint 
une position proche d'un siege de soupape (67b) 
a partir de ladite premiere tension, vers une 
deuxieme tension superieure a ladite premiere 
tension, de maniere que ledit opercule soit place 
sur ledit siege de soupape, en vue d'ouvrir ledit 
opercule. 

2. Un appareil selon ta revendication 1 , caracterise 
en ce que ledit moyen generateur de haute ten- 
sion a courant continu comprend : 

une batter ie (101); 

un convertisseur continu/continu (103), 
connecte a ladite batterie, servant a realiser une 
sortie en courant continu; et 

des premier et deuxieme condensateurs 
(1 04a, 1 04b) connectes en serie et connected au- 
dit convertisseur continu/continu, afin d'accu mu- 
ter la quantity de courant a courant continu sortie. 

3. Un appareil selon ta revendication 2, caracterise 
en ce que ledit moyen de commutation du char- 
gement comprend : 

un premier thyristor de chargement 
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(1051a) et une premiere bobine (1052) connec- 
ted en serie entre ledit premier condensateur et 
ledit element piezoelectrique; et 

un deuxieme thyristor de chargement 
(1051b) et une deuxieme bobine (1052) connec- 5 
tee en serie entre ledit deuxieme condensateur et 
ledit element piezoelectrique, 

un circuit oscillant LC etant forme par ledit 
premier condensateur, ladite premiere bobine et 
iedit element piezoelectrique, af in de generer la- to 
dite premiere tension , lorsque led it premier thyris- 
tor de chargement est mis EN SERVICE par un 
premier signal de fermeture (S^, 

un circuit oscillant LC etant forme par ledit 
deuxieme condensateur, ladite deuxieme bobine is 
et ledit element piezoelectrique, afin de produire 
ladite deuxieme tension, lorsque ledit deuxieme 
thyristor de chargement est mis EN SERVICE par 
un deuxieme signal de fermeture (Si'). 

20 

4. Un appareil selon la revendication 3, caracterise 
en ce que ladite premiere bobine sert de deuxie- 
me bobine. 

5. Un appareil selon la revendication 3, caracterise 25 
par le fait de com prendre en outre des moyens 
(107, 108) connectes audit premier ou deuxieme 
condensateur et audit convertisseur conti- 
nu/continu, afin d'arreter son fonctionnement 
lorsque la tension dud it premier ou deuxieme 30 
condensateur est superieure a une tension pre- 
determine^ 

6. Un appareil selon la revendication 1 , caracterise 

en ce que ledit moyen generateur de haute ten- 35 
sion a courant con tin u comprend : 
une batterie (101); 

un convertisseur continu/continu (103) 
connecte a ladite batterie, afin de produire un si- 
gnal de sortie a courant continu; 40 

des premier et deuxieme condensateurs 
(104a, 104b) connectes en parallels et connectes 
en parallel© par rapport audit convertisseur conti- 
nu/continu, afin d'accumu-ler sa sortie a courant 
continu; et 45 

un element (104c) empechant un passage 
de courant inverse, connecte entre lesdits pre- 
mier et deuxieme condensateurs. 

7. Un appareil selon la revendication 6, caracterise so 
en ce que ledit moyen de commutation du char- 
gement comprend : 

un premier thyristor de chargement 
(1051a) et une premiere bobine (1052) connec- 
ted en serie entre iedit premier condensateur et 55 
ledit element piezoelectrique; et 
un deuxieme thyristor de chargement (1051b) et 
une deuxieme bobine (1052) connectee en serie 
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entre ledit deuxieme condensateur et ledit ele- 
ment piezoelectrique, 

un circuit oscillant LC etant forme par ledit 
premier condensateur, ladite premiere bobine et 
ledit element piezoelectrique, afin de produire la- 
dite premiere tension lorsque ledit premier thyris- 
tor de chargement est mis EN SERVICE par un 
premier signal de fermeture (Si'), 

un circuit oscillant LC etant forme par (edit 
deuxieme condensateur, ladite deuxieme bobine 
et ledit element piezoelectrique, afin de produire 
ladite deuxieme tension, lorsque ledit deuxieme 
thyristor de chargement est mis EN SERVICE par 
un deuxieme signal de fermeture (S^). 

8. Un appareil selon la revendication 7, caracterise 
en ce que ladite premiere bobine sert de deuxie- 
me bobine. 

9. Un appareil selon la revendication 6, caracterise 
par le fait de comprendre en outre des moyens 
(107, 108) connectes audit premier ou deuxieme 
condensateur et audit convertisseur conti- 
nu/continu, afin d'arrdter son fonctionnement 
lorsque la tension dudit premier ou deuxieme 
condensateur est superieure a une tension pre- 
determinee. 

10. Un appareil selon la revendication 1, caract£ris6 
en ce que ledit moyen generateur de haute ten- 
sion a courant continu comprend : 

une batterie (101); 

des premier et deuxieme convertisseurs 
continu/continu (103, 103'), connectes a ladite 
batterie, afin de produire des signaux de sortie a 
courant continu; et 

des premier et deuxieme condensateurs (104a, 
104b) respectrvement connectes audit premier et 
deuxieme convertisseurs continu/continu, afin 
d'accumuler leur courant continu de sortie. 

11. Un ap pareil selon la revendication 1 0, caracterise 
en ce que ledit moyen de chargement comprend : 

un premier thyristor de chargement 
(1051a) et une premiere bobine (1052) connec- 
tee en serie entre ledit premier condensateur et 
ledit element piezoelectrique; et 

un deuxieme thyristor de chargement 
(1051b) et une deuxieme bobine (1052) connec- 
tee en serie entre led it deuxieme condensateur et 
ledit element piezoelectrique, 

un circuit oscillant LC etant forme par ledit 
premier condensateur, ladite premiere bobine et 
ledit element piezoelectrique, afin d§ produire la- 
dite premiere tension, lorsque ledit premier thyris- 
tor de chargement est mis EN SERVICE par un 
premier signal de fermeture (S^, 

un circuit oscillant LC etant form£ par ledit 
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deuxieme condensateur, ladite deuxieme bobine 
et led it element piezoelectrique, af in de prod u ire 
tadite deuxieme tension, lorsque ledit deuxieme 
thyristor dechargement est mis EN SERVICE par 
tin deuxieme signal de fermeture (S^). 5 

1 2. Un appareil selon la revendication 11 , caracterise 
en ce que ladite premiere bobine sert de deuxie- 
me bobine. 

10 

1 3. Un appareil selon la revendication 1 0, caracterise 
par le fait de comprendre en outre : 

des moyens (107, 108) connected audit 
premier condensateur et audit premier convertis- 
seur continu/continu af in d'arreter son fonction- 15 
nement lorsque la tension desdits premier et 
deuxieme condensateurs est superieure a une 
tension pred&erminee; et 

des moyens (107', 108') connectes audit 
deuxieme condensateur et audit deuxieme 20 
convertisseur continu/continu, af in d'arreter son 
fonctionnement iorsque la tension dudit deuxie- 
me condensateur est superieure a une tension 
predetermined 

25 

14. Un appareil selon ta revendication 1 » caracterise 
en ce que ledit moyen de commutation du de- 
chargement comprend : 

un thyristor de dechargement (1061) et 
une bobine (1062) connectes en serie et connec- 30 
tes en parallele audit element piezoelectrique, 

un circuit osciflant LC etant forme par ladi- 
te bobine et ledit element piezoelectrique, af in de 
decharger les charges qui y sont stockees, lors- 
que ledit thyristor de dechargement est mis EN ss 
SERVICE parun signal d'ouverture (S 2 ). 
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vrir ladite aiguille lorsque la press ion de carburant 
est superieure a une pression predetermined, 
lorsque le volume de ladite chambre a volume re- 
glable (78) a diminue de facon a augmenter la 
pression regnant dans ladite chambre de 
commande de pression (66), ledit mecanisme de 
pression (67) augmentant la pression de carbu- 
rant regnant dans ladite chambre de pression 
(66) a un taux inferieurau tauxd'augmentation de 
la pression regnant dans ladite chambre a volume 
reglable (78), lorsque le volume de ladite cham- 
bre a volume reglable (78) a diminue, et a reduire 
la pression regnant dans ladite chambre de 
commande de pression (68) environ au meme 
taux que le taux de diminution de la pression re- 
gnant dans ladite chambre a volume reglable 
(78), iorsque le volume de ladite chambre a volu- 
me reglable (78) est augmented 



15. Un appareil selon la revendication 1 , caracterise 
en ce que ledit element piezoelectrique (77) et le- 
dit opercule (67d) sont adaptes de facon a former 40 
un mecanisme de commande de pression (67), 
prevu entre une chambre de commande de pres- 
sion (66) agencee de facon coaxiale par rapport 
a un trou de coulissement (30) et une chambre a 
volume variable (78) reliee a ladite chambre de 45 
commande de pression (66) et modifiee par un 
organe d'actionnement (73) connecte audit ele- 
ment piezoelectrique (77) de maniere a termer 
une soupape de decharge (31), inseree a coulis- 
sement dans iedit trou de coulissement (30) et so 
commandee par la pression regnant dans ladite 
chambre de commande de pression (66), de ma- 
niere a interrompre Tamenee de carburant prove- 
nant d'une chambre de pression de carburant 
(15), remplie avec ledit carburant et pressurisee 55 
par un piston (1 2) entraTne par un moteur, de ma- 
niere a produire un deplacement d'aiguille (7) en 
reponse a la pression de carburant, en vue d'ou- 
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